Background: Fistula maturation is a complex multifactorial process with the effect of diabetes on vessel augmentation during fistula formation remaining unclear. Variation in results has reflected in a range of clinical practice with regard to patient selection and fistula formation and so requires more study. The aim of our study was to compare outcomes of diabetic and non-diabetic patients undergoing formation of a new upper limb arteriovenous fistula (AVF) to assess whether diabetes has a prognostic effect on outcome. Methods: A retrospective cohort study analysing 339 patients looking at both radiocephalic and brachiocephalic fistula formation in diabetic and non-diabetic patients was designed, with the primary outcome being fistula failure and then time taken to mature. Results: No difference was found between diabetic and nondiabetic patients in terms of fistula failure or time to mature. Conclusions: With AVF remaining the best access for dialysis, diabetic patients should not be discouraged from being offered AVF formation as they have equivalent outcomes to non-diabetic patients.
Background
Diabetes is a leading cause of kidney failure and has an increasing prevalence globally. 1 Within the UK about 20,000 people with diabetes die prematurely, and renal disease accounts for 11% and 21% of deaths in people with type 1 and type 2 diabetes, respectively. 2 Diabetic patients with end-stage renal failure requiring renal replacement therapy in the form of haemodialysis are best managed with an autologous arteriovenous fistula (AVF), which is regarded as the optimum form of vascular access. 3, 4 Establishing a functioning AVF can be challenging, with up to half of newlyformed fistulas failing to mature adequately to support dialysis therapy. This is because fistula maturation remains a complex and multifactorial process, with vascular remodelling of both artery and vein being affected by many factors. [5] [6] [7] Diabetic patients are predisposed to a higher incidence of peripheral vascular disease than people without diabetes, with poorer flow rates and a heavier burden of arterial wall calcification. 8 As a result, patients undergoing radiocephalic AVFs have historically fared worse than their non-diabetic counterparts, and this may have been misconceived as a reason to exclude diabetic patients from receiving a potential AVF and to offer them alternative forms of vascular access. Vessel mapping, using ultrasound to assess the suitability of vessels pre-fistula formation, has significantly improved outcomes for fistulas in all patients including those with diabetes, and is now recommended in the National Kidney FoundationKidney Dialysis Outcome Quality Initiative. 9 Despite this recommendation, there still remains variation in results which has reflected in variations in practice. 9, 10 The main aim of the study was to compare the outcome of diabetic and non-diabetic patients undergoing formation of a new upper limb AVF and to assess whether diabetes has a significant prognostic effect. Within our population cohort, radiocephalic and brachiocephalic fistulas tended to be the standard fistulas created and so have been chosen for assessment.
Methods

Patients
Data were collected from patients seen in a vascular access clinic for formation of an upper arm AVF over a 3.5-year period from June 2011 to December 2014. Eligible patients had diabetes and no previous fistula or other type of vascular access planned. Diabetic patients within the cohort were identified and matched with non-diabetic controls. All patients undergoing brachiocephalic and radiocephalic fistula formation were analysed; eight patients had brachiobasilic fistula formation but were not included as none of these patients had diabetes.
Fistula formation
Suitability of fistula formation was based upon ultrasound scanning of vessels during the clinic appointment where vessel diameter, flow and vessel wall calibre were measured and assessed. A tourniquet was used prior to identifying vessels. Scanning was done by vascular access consultants trained in using ultrasound. Within the fistula formation cohort, the patient study group was identified as those having diabetes and matched with a control non-diabetic group. Groups were matched for other comorbidiWest London Renal and Transplant Centre, Imperial College Healthcare NHS Trust, London, UK ties to reduce confounding factors, which included other risk factors that could affect fistula outcome such as hypertension, hypercholesterolaemia, a previous vascular event (myocardial infarction, transient ischaemic attack and cerebrovascular accident) or use of a statin, antiplatelet agent or other anticoagulant. Demographic data were also collected.
All patients received oral ciprofloxacin and flucloxacillin antibiotic prophylaxis before the procedure as per local microbiology and vascular access guidelines. Precautionary measures used to minimise surgical site infection included the application of Betadine ® into the wound during closure and application of an Aquacel ® and Tegaderm ® dressing once the wound had been closed. None of the patients were allergic to penicillin or Betadine ® .
All AVFs followed a standardised method of formation under local anaesthetic used in each case. The same equipment and materials were used; anastomoses were formed using 6.0 Prolene. All procedures were performed with a consultant surgeon as the primary operator. Surgical loupes were worn for radiocephalic fistula formation.
Outcome measures
Patients were followed up at weeks 1 and 6 and then at regular intervals over the following 12 months, with interval Doppler ultrasound scans (USS) to assess maturity, flow and anatomy. The primary outcome was to compare the numbers of failed fistulas and identify the proportion of successfully mature fistulas defined as either being used regularly for haemodialysis or, in pre-dialysis patients, criteria defined by the fistula first initiative.
Maturity and failure were divided into primary or secondary, depending on whether a fistula underwent an intervention to aid maturation, which included angioplasty for stenosis or side branch ligation to augment flow. Secondary outcomes included comparison of the overall time taken to reach maturity.
Statistical analysis
IBM SPSS Statistics 22.0 was used for statistical analysis. Fisher's exact test and Mann-Whitney U tests were used for non-parametric data; p<0.05 was considered statistically significant.
Results
Patients
Of the 281 eligible patients undergoing brachiocephalic fistula formation, 222 patients were analysed (115 diabetic patients and 107 non-diabetic patients) and 59 patients were omitted due to incomplete data (Table 1 ). Of the 58 eligible patients undergoing radiocephalic formation, 49 patients were analysed (25 diabetic patients and 24 non-diabetic patients) and 9 patients were omitted due to incomplete data. Figure 1a shows the overall proportions of maturity and failure in all patients undergoing radiocephalic AVF formation; 59% (29 patients) having this procedure went on to successful primary maturity with a further 14% (7 patients) developing a mature working fistula after intervention. The overall failure for radiocephalic AVF was 27% (13 patients). There was no significant difference between patients with or without diabetes (p=0.84). The median time to maturity in patients with diabetes was 8.50 weeks (range 6.7-11.4) compared with 8.51 weeks (range 6.6-11.9) in non-diabetic patients (Figure 2) . Again, there was no significant difference between patients with or without diabetes (p=0.71).
Fistula outcomes
For patients undergoing brachiocephalic AVF formation (Figure 1b) , 68% (151 patients) went on to successful primary maturity with a further 4% (10 patients) developing a mature working fistula after intervention. The overall failure rate for brachiocephalic AVF was 27% (61 patients). No significant differences for maturity rate (p=0.86) or primary failure rate (p=0.93) were seen between diabetic and non-diabetic patients undergoing brachiocephalic AVF. The median time to maturity was 8.8 weeks (range 6.1-10.4) in diabetes patients and 8.7 weeks (range 6.3-10.5) in patients without diabetes (p=0.69 for diabetes vs. no diabetes).
Discussion
This study adds to the growing body of evidence that diabetes should not be a factor dissuading health professionals to recommend patients who have diabetes to have a fistula formation to support them while having haemodialysis. 10 Our results support evidence that there is no significant difference in patients who have diabetes undergoing fistula formation compared with those who do not in terms of successful outcome or complications. Both primary and secondary outcomes showed no statistically significant difference in either brachiocephalic or radiocephalic AVF formation. We acknowledge that other types of fistula can be formed, which we can hypothesise would also have similar results between diabetic and non-diabetic patients, based on our results. However, within our cohort these were the most common types of fistulas formed.
Diabetes mellitus has long been thought to negatively affect the longevity and success of native AVFs, with some evidence suggesting higher rates of early fistula failure in people with diabetes. Several other studies highlight diabetes -along with increasing age, female gender and AVF surveillance -as the main predictors of outcome. 11 The perceived increase in risk of fistula failure attributed to diabetes arises from the extensive atherosclerotic disease and calcification presenting in the arteries of these patients. It is postulated that impaired flow due to diabetes inhibits physiological dilation of the artery following an arteriovenous anastomosis creation, which in turn impedes venous dilation and maturation. Tight glycaemic control is encouraged as poor control exacerbating severity of disease is thought to affect outcome. 12, 13 However, our results support the literature to show that, with careful assessment using vessel mapping and optimisation of diabetic control, these patients can have similar outcomes with a successful working fistula to non-diabetic dialysis patients and so should not be excluded from this optimum form of vascular access. 14 In an 8-year analysis of complications in AVFs, no increase in complication rates was seen due to diabetes. 15, 16 There has also been published work suggesting that vein diameter (and not diabetes) was a major significant independent predictor of maturation, which makes vessel mapping such a key point in patient pre-assessment. 17 Surgical experience is also thought to play an important role in the success of an AVF, with a 34% lower primary failure rate reported in fistulas created by experienced surgeons. 18, 19 There is evidence suggesting an increased failure in smaller radiocephalic fistulas, or cases with increased steal syndrome, which were attributed to microvascular damage associated with diabetes; these may not be relevant due to the numerous confounding factors associated with this population. 20, 21 Our small sample size is a limitation of our study and conclusions based on these results are limited. However, the conclusions drawn from the results support and add to existing evidence. As this was a retrospective analysis of our cohort, we were unable to actively recruit further patients to increase the size of the groups. This, combined with the ethnic variation we have seen of patients within our area, may make it difficult to generalise the conclusions to the entire population. Although we made an effort to match populations, we cannot be certain all confounding factors were eliminated. However, the patients reported in our study should be representative of the general renal failure population.
Conclusions
This study supports the growing body of evidence which sug-ORIGINAL RESEARCH gests that creating an AVF in diabetic patients should not be discouraged and that diabetes is not a prognostic factor regarding outcome. Although there are recognised vascular complications with diabetes, the relationship of these to fistula success remains uncertain and, certainly, diabetes should not be a factor in turning dialysis patients away from an autologous AVF.
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